Background Emergent surgery in the setting of decompensated cirrhosis is highly morbid. We sought to determine the clinical factors associated with negative intraoperative findings at emergent laparotomy. Methods We performed a retrospective cohort study of consecutive inpatients with a diagnosis of cirrhosis (ICD-9 571) admitted to the Beth Israel Deaconess Medical Center (Boston, MA) who underwent emergent, nonhepatic, abdominal surgery between May 6, 2005 and September 3, 2012.
Introduction
The morbidity and mortality of surgery in patients with cirrhosis can be striking. With a relatively high risk of mortality following even minor procedures, there is no such thing as a benign operation in the setting of cirrhosis.
1 -5 Not surprisingly, when occult advanced liver disease is discovered at the time of laparotomy, the planned procedure is often aborted. However, high perioperative mortality remains for even exploratory laparotomy alone.
End-Stage Liver Disease (MELD) score, American Society of Anesthesiologists (ASA) class, and albumin level are clinical predictors that have best forecast postoperative mortality. 9 -12 Yet, even for those patients with adverse predictors, a presentation of profound abdominal pain, leukocytosis, lactic acidosis, or imaging findings suggestive of impending abdominal catastrophe may compel the surgeon, particularly in situations where an operation appears the difference between life and death.
The risk of death for cirrhotic patients after emergency surgery can be as high as 80 %.
13 , 14 While the literature has described outcomes after emergent surgery, 7 , 9 , 10 little attention is paid to the role of preceding clinical events on intraoperative findings. Some emergent surgery, namely those that are so-called 'negative laparotomies', may be preventable. Herein, we present a review of our experience with emergent laparotomy in cirrhotic patients in order to identify predictors of potentially avoidable negative laparotomies.
Methods

Study Design and Data Collection
We performed a retrospective cohort study of consecutive inpatients with a diagnosis of cirrhosis (ICD-9 571) admitted to the Beth Israel Deaconess Medical Center (Boston, MA) who underwent emergent, nonhepatic, abdominal surgery between May 6, 2005 and September 3, 2012. Clinical and demographic data were obtained from the electronic medical record. Cirrhosis was confirmed by biopsy pathology where available, clinical factors including radiographic liver morphology and evidence of portal hypertension (ascites, varices, splenomegaly), and expert consensus as documented by both medical hepatology and surgical services. A surgery was determined to be emergent based on review of the intraoperative anesthesiology record. The following demographic and clinical data were obtained by chart review: (1) laboratory test results, (2) ASA class, (3) type of surgery and operative indication, (4) preoperative computed tomography (CT) reports, (5) nonoperative preoperative interventional procedures (e.g., paracentesis), (6) intensive care unit (ICU) admission and length of ICU stay, (7) overall length of stay, (8) 30-day readmission, and (9) patient disposition including in-hospital mortality. Follow-up was censored at the date of last known contact, liver transplantation, or death. CT scans were analyzed if obtained within 24 h of the operation. Preoperative and postoperative diagnoses were determined based on the operative report. A negative laparotomy was defined as the lack of identifiable pathology during surgery as well as any indication for surgical repair. All paracenteses described were therapeutic paracenteses performed using a standard "Safe-TCentesis" kit (CareFusion, Waukegan, IL).
Statistical Analysis
Descriptive statistics are reported as mean±standard deviation for normal distributions, median with interquartile range for nonparametric distributions, or as otherwise indicated. To examine factors associated with negative laparotomy, clinical, laboratory, and demographic data were first compared between patients with negative laparotomy to those with specific pathology identified in the operating room. Similarly, patient outcomes between those with positive and negative laparotomies were analyzed for statistical differences.
Next, the relationship between clinical factors and negative laparotomy was examined using univariate and multivariable logistic regression models. Therapeutic paracentesis within 48 h of surgery was used as our variable of interest, with covariates chosen based on biological plausibility for negative laparotomy and analyzed for the presence of confounding and collinearity. Similarly, the relationship between negative laparotomy and patient outcomes was explored in linear and logistic regression models using in-hospital mortality and 30-day readmission as binary outcomes and length of stay as a continuous variable. The association between negative laparotomy and mortality was examined in a multivariable model using previously validated predictors of mortality such as the MELD and ASA scores as covariates.
7 , 9 -12 Collinear variables were defined as those that altered the standard error of the variable of interest by greater than 10 % and were excluded from multivariable analyses as indicated. Comparisons of 30-day readmission were calculated excluding patients who died during the index hospitalization. For statistical comparisons, we used the chi-square test for binary and categorical variables, Student's t test for normally distributed continuous variables, and Kruskal-Wallis test for continuous variables with nonparametric distribution. Data were analyzed using JMP SAS 11 pro© 2012 (SAS Institute Inc, Cary, NC, USA). Our protocol conformed to the ethical guidelines of the 1975 Declaration of Helsinki as reflected in a priori approval as quality improvement by the institutional review board of the Beth Israel Deaconess Medical Center (Boston, MA). Table 1 details the demographic and baseline clinical data of the 86 patients with cirrhosis who met the inclusion criteria for our study. Our cohort of cirrhotic patients who underwent emergent exploratory laparotomy represented a group at high risk for death, with an overall 90-day mortality rate of 39.5 % and in-hospital mortality of 33.7 %. Presumed diagnoses prompting operative intervention included perforated viscus (24.4 %), hemorrhage (15.1 %), bowel ischemia (19.8 %), bowel obstruction (26.7 %), cholecystitis (12.8 %), and compartment syndrome (1.2 %). Mean MELD score in our cohort was 21.3±7.95 with ASA scores ranging from 3 (16.3 %) to 5 (8.1 %).
Results
Patients and Population
Patient Outcomes and Factors Associated with In-Hospital Mortality
Patient outcomes are summarized in Tables 1 and 2 . In our cohort, patients had a median length of stay of 15 days (IQR 7-28.3) with a 30-day readmission rate amongst the survivors of 40.4 %. Compared to patients who had interventions at the time of operation (positive laparotomy), cirrhotic patients with negative laparotomy had a significantly higher in-hospital mortality (66.7 vs. 28.4 %; P=0.018).
In addition to having had a negative laparotomy, higher MELD score (P<0.001) and an ASA score >4 (P=0.003) were also significantly associated with higher in-hospital mortality, in a univariate analysis. When adjusted for MELD, negative laparotomy was an independent predictor of inhospital mortality (OR 4.7; P=0.034). However, when both MELD and ASA class >4 were included as covariates in a multivariable model, negative laparotomy was not a significant independent predictor of in-hospital mortality (P=0.10) ( Table 3) .
Factors Associated with a Negative Laparotomy
Out of the 86 cirrhotic patients included in our study who underwent nonhepatic emergent abdominal surgery, 12 (16.2 %) had no significant intraoperative findings and surgical repair was not performed (i.e., negative laparotomy) (Supplemental Table A ). The factors that were associated with negative laparotomy within our cohort of patients who underwent emergent surgery are detailed in Table 4 . For example, free air noted on CT imaging and a paracentesis performed 48 h prior to surgery were both significantly associated with having a negative laparotomy (P=0.021 and P= 0.016, respectively). Interestingly, free air on CT imagingalways described in the radiology report as "greater than expected after a paracentesis"-was encountered more frequently in patients who had had a recent paracentesis, with 64.3 % (9/14) of those who had a paracentesis within the preceding 48 h noted to have substantial free air compared to 10.1 % (7/72) in patients in patients who did not undergo a paracentesis (P<0.001). A total of nine patients were noted to have substantial free air on CT following paracentesis, of which 5 (55.5 %) had negative findings at the time of emergent laparotomy. On the other hand, the rate of a negative laparotomy after the finding of free air on CT was nil in the population of cirrhotic patients who did not have a paracentesis within 48 h of surgery (P=0.038). In those patients that did have a finding of perforation during surgery for free air following paracentesis, none were a complication of paracentesis (two with perforated diverticulitis; two with perforated ischemic colitis) ( Table 5 ). Of note, none of the patients had ascetic fluid analysis consistent with infection or hemorrhage at the time of the procedure.
In a multivariable analysis, independent factors significantly associated with negative intraoperative findings during emergent surgery were (1) paracentesis prior to a preoperative diagnosis of perforated viscus (P=0.006), (2) developing an indication for emergent surgery greater than 24 h into hospital admission for another reason (P=0.020), and (3) a preoperative diagnosis of bowel ischemia (P=0.005), with odds ratios of 10.1, 5.80, and 11.1, respectively (Table 4) . 
Discussion
The goal of our study of cirrhotic patients who underwent emergent, nonhepatic abdominal surgery was to identify patients at risk for negative laparotomy. This study yielded three principle findings. First, we noted a significant rate of nonpathologic free intraperitoneal air following paracentesis. Second, negative laparotomy was associated with higher inhospital mortality. Third, the factors that were associated with a negative laparotomy included (a) recent paracentesis, (b) initial admission to a medical service and developing an indication for emergent surgery after more than 24 h in the hospital, and (c) suspected bowel ischemia. Consideration of these clinical features may be useful in the preoperative selection of appropriate surgical candidates. Our findings regarding the association of paracentesis, intraperitoneal free air, and negative laparotomy are notable. Paracentesis is a common procedure for cirrhotic patients admitted to the hospital with ascites. 15 Many patients must be evaluated for spontaneous bacterial peritonitis which can be present in many ways, including confusion, abdominal pain, fever, or renal dysfunction. Many other patients present with urgent discomfort related to ascites buildup requesting a therapeutic paracentesis, often in the setting of progressive renal insufficiency. 16 , 17 Furthermore, patients with decompensated cirrhosis admitted for management of spontaneous bacterial peritonitis, hepatic encephalopathy, gastrointestinal bleeding, or acute renal failure are all at high risk for death and often present with higher MELD score and ASA class, both of which powerfully predict overall and postsurgical mortality alike. These patients with cirrhosis are at significant risk to develop progressive acute-on-chronic liver failure over the course of hospitalization despite optimal medical therapy. In this context, following a paracentesis, it may be difficult to discern whether a patient's decompensation is related to a procedural complication or the worsening of an underlying medical condition. As evidenced by our data, free air on CT does not reliably indicate the presence of clinically important perforation in patients who have undergone recent paracentesis. Beyond that, we found that being initially admitted to a medical service and subsequently developing an indication for emergent surgery after more than 24 h of admission to the hospital were also significantly associated with negative laparotomy. Furthermore, negative laparotomy is associated with mortality adjusting for MELD but not when one accounts for ASA class. All of these factors are consistent with the conclusion that negative laparotomy is more likely to be encountered in decompensated, sick patients with medical conditions refractory to therapy, who develop their indications for surgery as established inpatients.
The cause of nonpathologic pneumoperitoneum following paracentesis is not entirely clear. It may be related to procedural technique, equipment used, or clinically insignificant microscopic perforation. Nonpathologic free air has been described following percutaneous endoscopic gastrostomy (PEG) tube placement as well as in patients undergoing peritoneal dialysis and, now, after paracentesis.
21 -25 When free air is detected within 48 h after a paracentesis, without other obvious pathology such as diverticulitis, our data suggests that consideration should be given to close clinical observation rather than surgery. A strategy of supportive care and careful, ultrasound-guided diagnostic paracenteses to identify secondary bacterial peritonitis as an objective parameter of a perforated viscus and intraabdominal sepsis may increase operative yield. 26 , 27 A preoperative diagnosis of bowel ischemia was also associated with higher odds of negative laparotomy. In retrospect, it appears that these patients had refractory sepsis and portal hypertension leading to the constellation of bowel congestion, shock, and rising lactate. This highlights a diagnostic dilemma in the context of decompensated cirrhosis. Mucosal edema on CT may reflect ischemia, but patients with cirrhosis often have bowel wall edema secondary to portal hypertension. 28 Additionally, while the clinical picture of ischemic bowel includes refractory shock and lactic acidosis, patients with cirrhosis have reduced lactate clearance in general and especially in the setting of sepsis. 29 Therefore, further study to optimize the preoperative diagnosis and CT performance for diagnosing bowel ischemia in decompensated cirrhotic patients may prove useful.
Independent of preoperative diagnosis, negative laparotomy is associated with in-hospital mortality. Our data suggests two explanations. First, surgery may be performed on decompensating patients after all other medical interventions are exhausted. Second, negative laparotomy is by definition noncorrective surgery that adds morbidity to the hospital course of an otherwise decompensated patient.
Our study has limits. First, it is retrospective, and therefore, we cannot fully account for confounders unavailable in the CT computed tomography, ICU intensive care unit, OR odds ratio, SD standard deviation, SNF skilled nursing facility a Covariates included age, gender, ischemic injury, and paracentesis within 48 h of surgery and surgery >24 h after admission. Covariates perforated viscus, other surgery, free air on CT, and admission to medicine service were excluded due to collinearity electronic medical record. Second, we studied a cohort of patients with cirrhosis who underwent emergent laparotomy, all with an ASA class of 3 or greater. As such, our results are not generalizable to stable cirrhotic patients undergoing elective surgery. Third, some of our associations may be related to institution-specific features including the kit employed for therapeutic paracenteses and the preoperative radiographic interpretations. Additionally, we do not know the true rate of free intraperitoneal air following paracentesis in patients with cirrhosis who did not undergo cross-sectional imaging. This requires further study. Fourth, robust identification of predictors for negative laparotomy is limited by the sample size of patients who had negative findings during surgery. Additionally, since our study included only patients who underwent emergent surgery, we cannot comment on the outcomes of patients discovered to have intraperitoneal free air following paracentesis but of patients who were managed expectantly without surgery. This is an area for future investigation. Finally, we must acknowledge the difficulty of the clinical decision making as experienced by our surgeons when faced with the hope of a reversible cause of decompensation in desperately ill patients. There are scenarios for these sick and vulnerable patients where surgical intervention has proven effective and life saving. 30 The rationale for this research is to help determine those scenarios where it is not.
In summary, paracentesis in cirrhotic patients is associated with nonpathologic free air and emergent surgery for repair of perforated viscus in these patients may not be warranted. Emergent noncorrective surgery in these patients is associated with higher in-hospital mortality. In order to improve the care of patients with decompensated cirrhosis with suspected acute abdomen, investigation with additional preoperative diagnostics, such as repeat paracentesis assessing for secondary bacterial peritonitis, should be considered for selected patients with risk factors for negative laparotomy.
